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Deep inelastic scattering
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Quark mass function
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Spectrum of hadrons

Rutherford:
“Sclence Is either physics or stamp-collecting”
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Nucleon model states (mN couplings)

N experimental and model states below 2200 MeV
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A model states (mN couplings)
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A model states (mN couplings)
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tN— ©tN scattering
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Properties of Excited Baryons

Reaction Data
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pion electroproduction: ep —e'n°p
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Hadron Spectrum in ANL BS model
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Hadron Spectrum in ANL BS model
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Precision analysis tools
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5; . Nucleon Resonance Structure in Exclusive

Electroproduction at High Pheton Virtualities
==  Withthe CLAS 12 Detector Workshop

N*




A,,*1000 GeV'"?
o 8 8§ 3

q
N
(<]

-40 |

y*NN*(Q?) couplings

I
° Qg GeV 2
&
A A3/2
D,5(1520)
&
fy
e
v,
° QIZ GeV z

60

S,,*1000 GeV'"”
[ A [
o o o

N
()

10 |

140

120 |-

/2‘
8

*1000 GeV'!
®
(-

[+
Q

3/2

A
E
S

N
Q

(-]

P.,(1440) | |
o Q? Galp 2 8
A3/2
|
++ %
F,5(1685) + t

1
/]

0'502 GeV’

1

1.5

Good agreement between Nz and Nzzchannels.

4
?
v
A

N7t CLAS
preliminary.

N7

Aznauryan et al.

Burkert et al

Nt Q2=0
Dugger et al.

Mokeev



y*NN*(Q?) couplings

e
Z
60 S Ya

60 A 1/2 + + + ; ol 1/2 X
Q ® + S 40 -u
% 20 A + E qu p
4 ALEEN
J*F > 201 { N7 CLAS

a0} + P,,(1440) ob P1,(1440) * preliminary.

60 ] § . .

] = 1

ol LQCD = D P (17D —my) ¢y — Z‘F#V FH pnetal.

140 q=u,d,s,c,b
§1oo _ D,3(1520) g: _ | + qD Burkert et al
““5; :: ] A##+ ;gm s + 3

“or * d 4 ot F5(1685) + t N L=t

20t e, b . . Dugger et al.

ol : s 0 0% e | 1.5
Q° GeV
Mokeev

Good agreement between Nz and Nzzchannels.



parton structure
of the nucleon




Parton Distribution Functions
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guark-hadron
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Parton densities
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Parton densities
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Internal Landscape of the Hadron
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Spin of the proton




Semi-Inclusive Deep Inelastic Scattering

CLAS12



Spin of the proton
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Sdx Au+d) = +0.81+ | |

1 2 1
Sdx Ad+d) = -0.46 gt l 1(.), m, l X . 1(.) 1.0 .
0.043— xAu —— xAd 3 0.04
0.02 — » -F 4 0.02
0: . 0
0.02 —_ _— — - 4-0.02
meas: extrap: — T s o ag=t  qp ‘ 1004

x > .001 all x [ Ry . DssYAxZ/xLz% -
A | 037 | 024 [r0.04-006 R
Au 0.03 0.04 +0.06
Ad | -0.09 —0.12 +0.09

As | —0.01 —-0.06 +0.03
AG 0.01 -0.08 | +0.7-0.3




Spin of the proton




Spin of the proton: Lattice v Experiment
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Tt electroproduction with transverse target
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angle of pion relative to initial quark spin
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Tt electroproduction with transverse target
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COMPASS 2010 proton data
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Electron lon Collider
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Q* =10 GeV?
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